Objective: Activity of daily living stages and instrumental activity of daily living stage have demonstrated associations with mortality and health service use among older adults. This cohort study aims to assess the associations of premorbid activity limitation stages with acute hospital discharge disposition among community-dwelling older adults. Design: Study participants were Medicare beneficiaries aged 65 yrs or older who enrolled in the Medicare Current Beneficiary Survey between 2001 and 2009. Associations of premorbid stages with discharge dispositions were estimated with multinomial logistic regression models adjusted for covariates. Results: The proportions of elderly Medicare patients discharged to home with self-care, home with services, postacute care facilities, and other dispositions were 59%, 15%, 19%, and 7%, respectively. The following adjusted relative risk ratios and 95% confidence intervals of postacute care facilities versus home with self-care discharge increased with higher premorbid activity limitation stages (except nonfitting stage III): 1.7 (1.5-2.0), 2.4 (2.0-2.9), 2.4 (1.9-3.0), and 2.5 (1.6-4.1) for activity of daily living stages I-IV; a similar pattern was found for instrumental activity of daily living stages. The adjusted relative risk ratios of discharge to home with services also increased with higher premorbid activity limitation stages compared with no limitation. Conclusions: Routinely assessed activity limitation stages predict posthospitalization discharge disposition among older adults and may be used to anticipate postacute care and services use by elderly Medicare beneficiaries.
M
edicare's Prospective Payment System has incentivized hospitals toward early discharge of Medicare patients for cost containment.
1,2 Many of these patients are discharged to postacute care providers, 2 creating challenges in arranging for the delivery of appropriate postacute care, and complicating care transitions from the hospital to the community. Postacute care commonly includes rehabilitation services that beneficiaries receive after a stay in an acute care hospital. 3 Postacute care may refer to a stay in a facility (skilled nursing facility [SNF] , nursing home, long-term care hospital, or inpatient rehabilitation facility), ongoing outpatient therapy, or care provided at home. After a hospitalization that results in functional impairment, 4 rehabilitation services are often provided in a SNF or inpatient rehabilitation facility by a multidisciplinary team. 5 Costs and lengths of stay vary widely across discharge locations. For instance, longer hospital stays were associated with discharge to SNF versus home, 6 and insurance type was associated with discharge to SNF versus other rehabilitation facilities. 7 It is thus important to forecast the postdischarge placement and resource use among elderly Medicare beneficiaries using readily assessed patient characteristics to inform policy and planning for populationlevel health care management.
Premorbid baseline functional status helps providers identify a patient's maximal rehabilitation potential and thus should be incorporated into the goal setting for postdischarge rehabilitation. It is important to note that activity of daily living (ADL) performance before the onset of acute illness is strongly associated with functional status at discharge and has demonstrated face and predictive validity with respect to posthospitalization outcomes such as hospital discharge placement. 8, 9 Routinely assessed ADL limitation has important implications for discharge planning and making predictions of posthospitalization resource use. Despite the importance of cause-specific hospitalizations in individual discharge planning, identifying the pattern of discharge placement that addresses all-cause hospitalizations would inform health care management at the population level and is essential for developing healthcare policy and resource planning. Postacute care use has been inadequately examined pertaining to all-cause hospitalizations. In the Post-Acute Care Payment Reform Demonstration Final Report, 10 authors found severe premorbid functional limitation was associated with higher odds of using home health care, whereas having some limitations was associated with slightly lower but positive odds of using home health care among the Medicare population. Having some limitations was associated with SNF use, but severe limitations were not significantly associated with SNF use.
Previous research shows that discharge to SNFs or other rehabilitation facilities is commonly observed among hospitalized patients who had hip fracture, 11 experienced a stroke, 12, 13 heart failure, 6 or traumatic brain injury 14 or were critically ill. 15 Physical function was among the most studied factors influencing postdischarge disposition. Mobility impairment identified within 3 days of hospitalization was a determinant of discharge to a care facility among patients hospitalized for critical illness. 15 Among stroke survivors, functional status upon admission and presence of walking problems predicted discharge to a rehabilitation center or long-term care facility versus home. 13 More recent research on "6-Clicks," referring to short forms created from the Activity Measure for Post-Acute Care instrument, also found that basic mobility and daily activity scores at initial physical therapist visit accurately predicted discharge destinations from acute care hospitals. 16 By convention, functional status is measured with counts of ADLs or instrumental ADLs (IADLs), which obscures the pattern of specific activity limitation. In response to the call for a population health approach to optimizing the health of people residing in the community, and the need to address the magnitude of disability in the US population, Stineman et al. 17 have recently derived activity limitation stages based on International Classification of Functioning, Disability and Health terminology and concepts. Stineman's stages incorporate not only the severity but also the types of disability by describing patterns of limitation in ADLs and IADLs separately, with each stage defined by preserved ability to perform specific activities (Supplementary Table 1 , Supplemental Digital Content 1, http://links.lww.com/PHM/A567). Activity of daily living stages capture self-care abilities to eat, toilet, dress, bathe/shower, move in/out of chair/bed, and walk. Instrumental ADL stages describe autonomy in domestic tasks, e.g., to use the telephone, manage money, prepare meals, do light housework, shop for personal items, and do heavy housework. Within each domain, stages 0 to IV were designed to represent no (stage 0), mild (stage I), moderate (stage II), severe (stage III), and complete activity limitation (stage IV). Each stage indicates specific tasks an individual is able to perform without difficulty. Higher ranked stages reflect more severe disabilities and qualitatively different limitations. Because activity limitation stages capture the type of disability, not just severity measured as a linear variable, there are patterns of activity limitation that are "nonfitting," i.e., that do not fit preserved activity requirements for assignment to stage II, nor do they represent the complete activity limitation that defines stage IV. Stage III is therefore designed as a nonfitting stage, which accommodates irregular limitation patterns that are not strictly hierarchical.
Activity of daily living and IADL stages have been validated with the nationally representative sample of community-dwelling older adults in the Medicare Current Beneficiary Survey (MCBS). Stages showed ordered associations with mortality, hospitalization, long-term care use, and receipt of recommended care. [18] [19] [20] [21] In this article, we aim to study the association of routinely assessed functional status with hospital discharge dispositions, with a focus on postacute care (with availability of rehabilitation services) and in-home services compared with self-care at home. The unique contribution of this study is to demonstrate that premorbid disability measurement using the recently developed staging systems that incorporate both the severity and types of activity limitation is associated with discharge disposition after an acute hospitalization. Use of premorbid activity limitation stages may better inform service planning than the ADL/IADL counts used in previous research, as the latter do not contain information about the types of resources that will be needed by disabled individuals or populations. We hypothesized that older adults at higher premorbid activity limitation stages are more likely to be discharged to postacute care facilities or home with services after hospitalization.
METHODS

Study Sample
Our data were drawn from the MCBS, a weighted, multistage, area probability sample of Medicare enrollees. 22 The MCBS respondents or proxies are usually interviewed in the fall of each year for a 4-yr period about their sociodemographics, health and functional status, health service use, and access to care. The survey was replenished annually. Medicare claims data are available for three consecutive years starting on January 1 of the year after survey induction. The MCBS releases annual MCBS cost and use files, which include Medicare claims data that can be directly linked to the survey. To account for the complex survey design, nonresponse and differential probabilities of selection, the MCBS supplies survey weights, strata, and clusters. 23 The initial sample was composed of the 2001-2009 entry panels of the MCBS, including 28,465 community-dwelling Medicare beneficiaries who were aged 65 yrs or older enrolled in the fee-for-service program. Inpatient hospital claims were used to identify the participants who were hospitalized at least once within the subsequent year after an annual survey. Only the initial hospitalization per participant in the follow-up year was included. Because claims data were available for 3 yrs, each year after an annual survey, a beneficiary may contribute up to three hospitalizations in the final sample.
This study was approved by the University of Pennsylvania Institutional Review Board. The MCBS requires patient consent before survey participation. Consent was not required for our study, which used deidentified data. This study conforms to all STROBE guidelines and reports the required information accordingly (see Checklist, Supplemental Digital Content 2, http://links.lww.com/PHM/A568).
Outcome
Our main outcome of interest was the first hospital discharge disposition during the subsequent follow-up year after the annual survey. Discharge dispositions were identified from the patient discharge status code in the inpatient hospital claims data. All discharge placement records were grouped into the following four categories: home with self-care, home with services (home with organized home care services, home with hospice, home with intravenous drug therapy), postacute care facilities with available rehabilitation services (e.g., SNF, inpatient rehabilitation facility, swing bed, long-term care hospital, Medicaid nursing facility), and other dispositions (e.g., short-term hospitals, intermediate care facility, expired or left against medical advice).
Primary Exposures
Self-or proxy-reported premorbid ADL and IADL stages were the primary exposures. Respondents were asked about their ability to perform six self-care activities in the ADL domain and six household management skills in the IADL domain. Each respondent was classified into an ADL and IADL stage derived by the method described previously. 17 Five stages were developed for ADL and IADL separately, with stage III as a nonfitting stage. The ADL and IADL stages were ascertained before the start of the follow-up year. Because of high collinearity between ADL and IADL stages, they were studied as separate domains in analyses.
Covariates
Baseline sociodemographic covariates included age groups (65-74, 75-84, and ≥85 yrs), sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, and non-Hispanic other), living arrangement (living alone, with spouse, with children, and with others), education (<high school, ≥high school), dual eligibility for Medicare and Medicaid, and residence location (metropolitan vs. nonmetropolitan residence). Self-reported preexisting medical co-morbidities indicated history of Alzheimer disease, amputation, broken hip, cancer (excluding skin cancer), chronic heart disease (CHD), chronic obstructive pulmonary disease (COPD), diabetes, heart failure, hardening of the arteries, heart rhythm problem, heart valve problem, hypertension, incontinence, mental disorder, myocardial infarction, osteoporosis, paralysis, Parkinson disease, rheumatoid arthritis, nonrheumatoid arthritis, mental retardation, and stroke. Smoking status was identified as nonsmoker, ever a smoker, or recent smoker. Cohort entry year (integers 1-9 representing 2001-2009) was initially treated as a categorical variable. Upon observing a linear trend in its effect over time, we entered it as a continuous variable (cohort effect) in the final models.
To account for hospitalization-related characteristics, diagnosis-related groups in the inpatient claims data were mapped onto 25 major diagnostic categories (MDCs).
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Unmapped diagnosis-related groups and MDCs with very low frequency numbers by discharge dispositions (<11 per disposition) were combined into the category "other." In total, 11 MDCs were derived in our analysis as shown in Supplementary Table 2 (Supplemental Digital Content 1, http://links.lww.com/ PHM/A567).
Statistical Analysis
We used a repeated measures design to increase sample size and statistical power. Each participant may contribute up to three records, and each record consisted of ADL/IADL stages and covariates from the annual interview and the first hospitalization discharge disposition during the subsequent follow-up year. Our analysis was based on 9909 complete cases (no missing values on exposures, covariates, and outcomes), out of the initial sample size of 10,002 records (99.1%). The analysis was carried out in several steps. In the first step, ADL or IADL stages and covariates were aggregated over all records and compared across the four categories of hospital discharge dispositions using χ 2 tests. Subsequently, association of activity limitation stages with hospital discharge dispositions (reference: home with self-care) was assessed with a multinomial logistic regression model in separate ADL and IADL domains, accounting for all covariates. Because time from stage assessment (survey date) to hospital admission may potentially affect functional status at admission (shorter time interval may indicate the stage at hospital admission more accurately), and possibly subsequent discharge dispositions, in the following step, we tested the interaction effect of time from stage assessment to hospital admission with premorbid stages on the hospital discharge destinations. Based on the distribution of time in months, the time variable was categorized as a binary variable, with 0 representing 0 to 5 mos (45% of all hospitalizations) and 1 representing 6 or more months (55% of all hospitalizations). With covariate adjustment, the interaction terms of time with stages were examined in a multinomial model in ADL and IADL domains separately. Model results were expressed as relative risk ratios (RRRs) and 95% confidence intervals (CIs). The analyses applied MCBS complex survey design (sampling weights, clustering, and strata) and accounted for within-individual correlation. Analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC).
RESULTS
Patient Characteristics Compared Across Hospital Discharge Dispositions
Of the total 9909 complete records in the final sample, 5738 beneficiaries had one, 1604 had two, and 321 had three annual records. Of all records, 59% ended in discharge to home with self-care, 15% to home with services, 19% to postacute care facilities, and 7% to other dispositions. Table 1 displays the weighted distribution of prehospitalization ADL stages by hospital discharge dispositions. For ADL stages, the proportion of home with self-care discharge decreased with activity limitation stages from 67% at stage 0 to 33% at stage IV. The proportion for stage III, as the nonfitting stage, was similar to stage II. The proportion of hospital discharge to home with services increased with stages of greater activity limitation (except stage III), from a low of 13% at stage 0 to a high of 30% at stage IV. The proportion of discharges to postacute care facilities also increased from stage 0 to stage II (14%-27%), remained stable at stage III (27%), and slightly decreased at stage IV (24%). Similar patterns of hospital discharge to home with self-care and home with services were found in the IADL domain; interestingly, we observed an incremental increase in discharge to postacute care facilities from 13% to 32% across IADL stage 0 to IV, except for the nonhierarchical increase at stage III.
The percentage of hospital discharges to home with selfcare discharge decreased with older age, female sex, not living with a spouse, dual eligibility in Medicare and Medicaid, metropolitan location, and most baseline co-morbidities. Smoking, The other category includes ungrouped diagnosis-related groups, as well as MDCs that have very small cell size (<11) skin, subcutaneous tissue, and breast; endocrine, nutritional, and metabolic system; reproductive systems; blood and blood forming organs and immunological disorders; myeloproliferative diseases; mental diseases and disorders; alcohol/drug use or induced mental disorders; injuries, poison and toxic effect of drugs; burns; factors influencing health status; multiple significant trauma; human immunodeficiency virus infection. myocardial infarction, COPD, and hardening of the arteries, however, tended to predispose patients to home with selfcare. Use of postacute care facilities was more common with older age, female sex, nonminority ethnicity, living alone, dual eligibility, metropolitan location, and among patients with Alzheimer disease, broken hip, incontinence, mental disorder, mental retardation, osteoporosis, paralysis, Parkinson disease, rheumatoid and nonrheumatoid arthritis, and stroke. Pertaining to MDCs, use of postacute care facilities versus home services was more prevalent among patients with diagnostic categories of the circulatory system, hepatobiliary system and pancreas, musculoskeletal system and connective tissue, nervous system, kidney and urinary tract, and infectious and parasitic diseases. Table 2 displays the results from the multinomial logistic regression model estimating the association of prehospitalization ADL stages with initial hospital discharge dispositions in a year. As shown in the ADL model, after adjusting for covariates, the likelihood of hospital discharge to a postacute care facility increased at stages I and II and became flat across stages II to IV, with RRRs and 95% CIs at 1.7 (1.5-2.0), 2.4 (2.0-2.9), 2.4 (1.9-3.0), and 2.5 (1.6-4.1) across ADL I to IV compared with ADL 0. Among covariates associated with higher likelihood of discharge to a postacute care facility were older age, dual eligibility for Medicare and Medicaid, living alone or with others compared with living with a spouse, Alzheimer disease, and osteoporosis. The baseline covariates associated with decreased likelihood of hospital discharge to a postacute care facility were racial or ethnic minority status, having lower than a high school education, CHDs, hardening of the arteries, myocardial infarction, COPD, and diabetes (other than type I). Furthermore, the likelihood of hospital discharge home with services increased with ADL stages (except stage III), with RRRs and 95% CIs as 1.3 (1.1-1.6 ), 1.9 (1.6-2.3), 1.7 (1.3-2.2), and 3.6 (2.4-5.5) for stages I to IVas compared with stage 0, as well as with baseline covariates such as older age, living alone or with others compared with living with a spouse, metropolitan location, Alzheimer disease, and type 1 diabetes. We also observed an increased likelihood of being discharged to a postacute care facility and home with services (RRR = 1.05) with each increased year of survey entry (the cohort effect), compared with discharge home with self-care.
Association of Activity Limitation Stages With Hospital Discharge Dispositions
The hospital discharge dispositions across IADL stages demonstrated an ordered pattern shown in Table 3 . In the risk adjusted model, the likelihood of being discharged to a postacute care facility increased with higher IADL stages (except stage III), with RRRs and 95% CIs at 1.7 (1.4-2.0), 2.3 (1.9-2.8), 2.0 (1.7-2.4), and 3.4 (2.5-4.8) for IADL stages I to IV, respectively, compared with stage 0. The likelihood of being discharged to home with services also increased with higher IADL stages (except stage III) with RRRs and 95% CIs as 1.4 (1.2-1.7), 2.1 (1.8-2.6), 1.7 (1.4-2.1), and 2.7 (2.0-3.8) across IADL stages I to IV.
The interaction effects of premorbid activity limitation stages with time from stage assessment to hospital admission on hospital discharge destinations were not significant (all P > 0.05) for either ADL or IADL.
DISCUSSION
Summary and Implications
Our study used a nationally representative sample of older adults and their hospital discharge records to examine the association of routinely assessed activity limitation stages with hospital discharge dispositions. We categorized the following four discharge dispositions: home with self-care, home with services, postacute care facilities, and other dispositions. Our criteria for assigning discharge dispositions to one of these four groups were based on placement (e.g., home or health care facility) and the availability of support or rehabilitation services in various placements. However, we recognize that the availability of services in a particular postdischarge placement does not inform us about the actual extent of resource use. Nevertheless, we identified a higher likelihood of being discharged to a postacute care facility or home with services among patients at higher activity limitation stages (except stage III), even after adjusting for the covariates. This supports the notion that ADL performance before hospital admission is independently associated with discharge dispositions and may be useful in estimating populationlevel postdischarge resource use. 9 Activity limitation stages integrate severity estimates and disability profiles that depict the extent and type of difficulty experienced by individuals and populations in the performance of everyday self-care and domestic activities. The distributions of beneficiaries according to ADL stages can help project the magnitude of population-level healthcare and supportive needs. 17 Our study shows that older adults at higher activity limitation stages, once hospitalized, will end up consuming more in-home services and postacute care. However, ADL and IADL stages tell slightly different stories. In the ADL domain, although higher stages all show an increased chance of discharge to a postacute care facility or home with services compared with stage 0, the likelihood of discharge to a facility that can provide rehabilitation is higher than the likelihood of discharge home with services at stages I to III compared with stage 0, whereas the likelihood of discharge home with services is higher than discharge to a postacute care facility at stage IV (RRR = 3.6 vs. 2.5 in the adjusted model). These findings may signify different potential for recovery of function or different service needs at different limitation stages. The rehabilitation potential to restore physical functioning may be quite limited for severely disabled patients at stage IV, although rehabilitation services may be warranted to maintain function or limit further decline. In the IADL domain, discharge to postacute care facilities and home with services both increase across stages (except nonfitting stage III). We stipulate that this slight discrepancy between ADL and IADL stages may be due to the relative sparing of physical abilities in some individuals with impairment in cognitive capacity that is required to perform IADLs. Thus, individuals at IADL IV who are unable to perform domestic management tasks yet have preserved ability to perform self-care tasks may still benefit from rehabilitation.
We identified differences in the likelihood of discharge to postacute care facilities in relation to age, race, and education. Many hospitalized older adults, especially the oldest old, have poorer ADL function at hospital discharge compared with their baseline function because of the deterioration of function during their hospital stay. 25 We also observed disparities in rehabilitation use among racial and ethnic minorities and individuals with less than high school education. Other investigators have found black patients with hip fracture were more likely than whites to be discharged home than to a postacute care facility. 26 Compared with older adults who live with a spouse, those who live alone or with others are more likely to be discharged home with services or to acute care facilities versus to home with self-care. This is expected because living with a spouse may indicate caregiver availability at home. In addition, dual eligibility for Medicare and Medicaid also increases the chance of being discharged home with services and to acute care facilities, because of available insurance coverage for posthospital care. Further studies are needed to investigate the hospital discharge placement processes that are associated with these disparities.
In terms of co-morbidities, Alzheimer disease, osteoporosis, and heart conditions independently contributed to the likelihood of discharge to a postacute care facility in the fully adjusted model, albeit in opposite directions. Previous research sheds some light on our findings. Stroke patients with cognitive impairment had a greater likelihood of being discharged to rehabilitation and nursing home settings than those without. 27 Older patients with progressive cardiac disease received less hospital care and rehabilitation because of poor prognosis. 28 Our study suggests a slightly increased likelihood of discharge to postacute care facilities and home with services over time as opposed to home with self-care, consistent with the rising trend (1996-2010) of hospital discharge to postacute care facilities revealed previously. 29 A challenge for health care planners and policy makers is to identify those posthospital discharge dispositions and services that are most appropriate for promoting the rehabilitation and recovery of subpopulations of patients with specific patterns of disability. The Centers for Medicare & Medicaid Services issued Jimmo Settlement Agreement, which established care coverage for a beneficiary, when skilled nursing services are necessary to maintain the patient's current condition or prevent or slow further deterioration. 30 Although severe premorbid disability may limit recovery potential, postacute care should ensure access to rehabilitation services when required to maintain functional status or limit functional decline and to assist with changes in functional status that require additional supports. Our findings suggest that, in addition to predicting posthospital discharge disposition, activity limitation stages may have utility for matching disability profiles and appropriate rehabilitation resources. Conversely, activity limitation stages may also be useful for identifying individuals and subpopulations that are less likely to benefit from discharge to postacute care settings that provide rehabilitation services. The ADL/IADL assessment instruments can be used regularly during annual well visits. Such routine assessments of premorbid activity limitation stages may be used to inform treatment goals and predict posthospital discharge setting and needed resources.
Limitations
The purpose of this study was to assess the potential utility of activity limitation stages in forecasting posthospital discharge disposition after all-cause hospitalizations. Although we were able to show that activity limitation stages were independently associated with postdischarge dispositions, it was not possible, within the scope of this study based on MCBS data, to determine actual postdischarge resource use, particularly with respect to rehabilitation services. The second limitation, pertaining to insufficient sample size, is that we were not able to show inpatient rehabilitation separately from other subacute rehabilitation services by activity limitation stages and covariates. Inpatientlevel rehabilitation services are more intensive, require physician supervision, and are delivered by a coordinated interdisciplinary team. 31 Because of fixed survey data collection intervals in the MCBS, we were not able to account for activity limitation stages measured upon hospital admission and discharge, both of which may potentially alter the effect of prehospitalization stages on discharge placement. Self-and proxy-reported ADL and IADL assessments in the community setting may be more efficient and resource-sparing than performance-based assessment, yet recall and nonresponse biases in self-reported data could cause misclassification of the primary exposure. Because of data limitation, we were not able to adjust for all confounders, such as socioeconomic status and objective measures of cognitive function. Our study only applies to community-dwelling elderly Medicare beneficiaries in the traditional fee-for-service program, because beneficiaries in managed care programs were not required to submit claims of service use. Elderly Medicare beneficiaries residing in facilities were also excluded, as activity limitation stages developed specifically for community-dwelling elders may not be applicable to those residing in facilities because of their different care needs.
CONCLUSIONS
Our work represents a population-level analysis of posthospitalization discharge dispositions as independently associated with routinely assessed ADL and IADL limitations. Disparities in likelihood of discharge to postacute care facilities with available rehabilitation services among the racial and ethnic minorities and individuals with low educational achievement may deserve further investigation and policy attention. We also observed a temporal trend of increasing reliance on postacute care facilities and home care services. This finding suggests that further research may be warranted to determine if activity limitation stages also have utility for matching population-level patterns of disability to appropriate postdischarge resources.
